[1] The Shillong plateau is the only raised topography in the foreland of the Himalayas. Located on the trajectory of the Indian Summer Monsoon (ISM), the plateau perturbs the regional distribution of precipitation. As such, the Shillong plateau-eastern Himalaya-ISM is a unique system to quantify the couplings between climate, tectonics, and erosion. A change in long-term erosion rates along-strike of the Bhutan Himalaya was recently attributed to a climatic modulation due to the uplift of the Shillong plateau. To test this interpretation, it is essential to constrain the timing and rate at which the plateau was uplifted and the amount of partitioning of the India-Asia convergence into the plateau. We used apatite and zircon (U-Th-[Sm])/He and apatite fission track analyses to unravel the thermal histories of 13 basement samples collected along a N-S transect across the central Shillong plateau. We find that (1) the exhumation of the plateau began at least 9-15 Ma ago, (2) its surface uplift was chronologically decoupled from its exhumation and started after $3-4 Ma at rates of 0.4-0.53 mm/a, (3) the long-term horizontal shortening rate accommodated by the plateau is 0.65-2.3 mm/a, which represents only 10-15% of the India-Asia convergence rate. The uplift of the Shillong plateau did not significantly modify the rock uplift rate in the Bhutan Himalaya, which is consistent with the hypothesis of climatic modulation of the Pliocene erosion, tectonic, and landscape evolution previously documented along this orogenic front. 
Introduction
[2] The Shillong plateau and the Mikir Hills in NE India may look imperceptible in front of the mighty Himalaya and Tibetan plateau (Figure 1 ), but it represents a place of superlatives: two reverse faults which may cut the entire crust and displace the Moho [Mitra et al., 2005] delineate the plateau from the surrounding plains. In the north the Oldham fault was the site of the largest ever recorded intraplate earthquake [Bilham and England, 2001; Oldham, 1899; Rajendran et al., 2004] ; and the Dauki fault in the south juxtaposes Precambrian basement against an up to 18-km-thick Tertiary sedimentary basin, the Sylhet Trough [Alam et al., 2003; Johnson and Alam, 1991] . In addition, the Shillong plateau was uplifted recently in geological history, i.e., during the Pliocene, and thus may have affected both the tectonics of the Himalaya further north [Bilham and England, 2001; Grujic et al., 2006] and the evolution and spatial distribution of the Indian Summer Monsoon (ISM) [Bookhagen et al., 2005; Grujic et al., 2006] . In fact, owing to the orographic interactions with the ISM, the southern flank of the Shillong plateau is the wettest place on the Earth [Bookhagen et al., 2005] (see also Observations about rainfall at Cherrapunjee, 2006, SSNETCom Pvt. Ltd., available at http://www.cherrapunjee.com/ mrcharts.php).
[3] Constraints on the active convergence across the plateau are still scarce and imprecise and there are no data on the rock uplift, the exhumation and ultimately surface uplift of the plateau. The development of the Shillong plateau has supposedly influenced the eastern Himalayan tectonics by consuming up to one third of the convergence between India and Eurasia according to Bilham and England [2001] . Its surface uplift has clearly modified the distribution of monsoonal precipitations along the eastern Himalayas, by forming an orographic barrier to the moisture-bearing winds derived from the Bay of Bengal to the south [Bookhagen et al., 2005; Grujic et al., 2006] . A change in long-term erosion rates along the frontal Bhutan Himalayas to the north (Figure 1) , as well as a change in their geomorphologic and recent tectonic evolution were attributed to a climatic change due to the topographic construction of the Shillong plateau [Bookhagen et al., 2005; Grujic et al., 2006] . To constrain these couplings between climate-erosion-tectonics along the Himalayan range front, a fundamental step is to quantify (1) the timing and rate at which the Shillong plateau was uplifted, and (2) the partitioning of the India-Asia convergence into the Shillong plateau. To achieve this goal, thirteen samples located along a N-S trending transect across the Shillong plateau and collected at the top of it (Table 1) were analyzed using apatite and zircon (U-Th- [Sm] )/He and apatite fission track analyses.
Geological Setting
[4] The Shillong plateau is considered to be a basement pop-up structure, uplifted along steep and seismically active reverse faults: the E-W trending Dauki fault in the south, and the inferred WNW-ESE trending Oldham Fault in the north [Bilham and England, 2001 ; Biswas and Grasemann, Figure 1 . Digital topography and major structural features of southern Bhutan and Shillong plateau area. The heavy shaded box in inset shows the area covered by Figure 1 . Topography is from SRTM 90 data (USGS). Structural data are from Gansser [1983] and Biswas and Grasemann [2005] , sedimentary thickness in the Sylhet Trough is derived from Shamsuddin and Abdullah [1997] and is indicated in meters. BTSZ: Badapani-Tyrsad shear zone. Figure 2 covers the boxed area and the N-S elongated shaded box shows the location of the topographic swath profile shown in Figure 7a . 2 ). The plateau is bounded by the Brahmaputra River to the west and by the NW-SE trending Kopali fracture zone in the east [Acharyya et al., 1986; Desikachar, 1974; Evans, 1964; Gupta and Sen, 1988; Nandy, 1980] . The basement of the Shillong plateau is primarily composed of Precambrian metamorphic and intrusive rocks ( Figure 2 ). Geochronological data from granitoids and pegmatites in Assam and Meghalaya yielded imprecise Rb-Sr whole-rock Neoproterozoic to Early Paleozoic ages between $900 and $450 Ma [Ghosh et al., 1991; Mitra and Mitra, 2001; Panneer Selvan et al., 1995; van Breeman et al., 1989] . These rocks intrude Paleo-Mesoproterozoic gneisses [Ghosh et al., 1994] , which in the western Shillong plateau record prograde granulite facies anatexis at 1596 ± 15 Ma [Chatterjee et al., 2007] . The initial exhumation of this Indian basement probably occurred during the late Paleozoic when a network of intracontinental sedimentary basins was established across Gondwana [de Wit et al., 2001; Veevers, 2006; Veevers and Tewari, 1995] . Permo-Carboniferous continental sediments Figure 2 . Topographic and geologic map of the central Shillong plateau (modified after Sengupta et al. [1998] and Biswas and Grasemann [2005] ) showing the samples location. The apatite (U-Th- [Sm] )/He ages are in white, apatite fission track ages are in green and zircon (U-Th)/He ages are in pink. Abbreviations and color coding are: Q, Quaternary deposits (heavy grey); Ng, Neogene deposits (yellow); Pg, Paleogene deposits (orange); K, Late Cretaceous continental sediments (light green); Kb, Early Cretaceous intrusive and volcanic rocks (heavy green); pe, Protero-Paleozoic granitoids and metamorphic rocks (light brown); and BB, Boka Bil formation in the Chhatak drill hole [Uddin and Lundberg, 2004] .
are found in the coal basins near the town of Tura in the western part of Shillong plateau and to the west of Kolkata [Veevers and Tewari, 1995] , but also at the base of the Lesser Himalaya Sequence in Bhutan to the north [Gansser, 1983] . Along the southern slopes of the Shillong plateau, small bodies of mafic igneous rocks, which are part of the Rajmahal-Sylhet flood basalt province, and ultramaficalkaline-carbonatite complexes, are observed [Das Gupta and Biswas, 2000; Srivastava et al., 2005] (Figure 2 ). On the basis of their geochemical signature, their structural position along N-S trending faults and their Early Cretaceous age, these rocks have been considered to be associated with the Kerguelen mantle plume [Kent et al., 2002; Ray et al., 2000; Veena et al., 1988] , which was active during the opening of the Indian Ocean between India and Australia-Antarctica [Acharyya et al., 1980; Alam, 1989] . The onset of breakup between India and Antarctica is estimated to $133 Ma and the initial massive pulse of Kerguelen magmatism and volcanism on top of the continental sediments and/or basement, occurred from $120 to $110 Ma [Coffin et al., 2002] .
[5] The presence of Late Cretaceous continental sediments lying unconformably on the Precambrian bedrock in the southern part of the plateau indicates that the basement was exposed at the surface at the end of the Cretaceous. However, during the Tertiary the basement was submerged and buried under shallow marine and deltaic sediments; that is, it acted as the passive margin of the Indian plate. The thickest preserved section reaches $3000 m in the SW part of the plateau [Chakraborty, 1972] . In our study area (Figure 2 ), the southern fringe of the plateau displays a $1000-m-thick sedimentary cover of Cretaceous-Tertiary deposits [Jauhri and Agarwal, 2001 ] on a gently (5°-10°) south-dipping, roughly flat basement. The basal member of this sequence, the Khasi formation (70.6 -65.5 Ma, Maastrichtian), comprises channel-filled and floodplain facies [Mamallan et al., 1995; Mishra and Sen, 2001] . Burial by marine sedimentation started at the end of the Maastrichtian Stage at $65-66 Ma [Mishra and Sen, 2001] . A carbonate platform persisted until the late Middle-Late Eocene when a terrigenous influx initiated deposition of thick clastic sequences during the late Paleogene and Neogene in the southern part of the plateau [Jauhri and Agarwal, 2001] . The mainly fine-grained pro-delta sediments of the Surma Group, deposited during the Miocene and the Early Pliocene, are interpreted as recording increased exhumation and erosion of Himalayan rocks [Johnson and Alam, 1991; Najman, 2006; Uddin and Lundberg, 2004] , while the southern part of the Shillong plateau and the Sylhet Trough remained submerged [Johnson and Alam, 1991] . An abrupt facies change at $3.8-3.5 Ma to coarse-grained braidedfluvial sandstones of the Tipam formation marks the transition from marine to continental sedimentation in the Sylhet Trough [Najman, 2006] .
[6] The timing of the surface uplift of the Shillong plateau remains poorly constrained and in the literature, is often confused with the timing of its exhumation. Namely, for a basement outcrop, the rates of rock uplift, rock exhumation and surface uplift are not necessarily the same and their onset does not need to be coeval. On the basis of relatively homogeneous thicknesses of Miocene strata in the Sylhet Trough, significant displacement along the Dauki fault is thought to have started only after the Miocene [Uddin and Lundberg, 2004] . Lithofacies and depositional environment changes indicate that the southern foothills of the Shillong plateau were submerged until 3.8 -3.5 Ma [Worm et al., 1998 ]. The Shillong plateau emerged as an outcrop of Precambrian basement rocks sometimes in the late Pliocene as corroborated by lithofacies trends suggesting that the Shillong basement was not a source of sediments during the Miocene [Johnson and Alam, 1991; Uddin and Lundberg, 1999] . The lack of deposition on the Shillong plateau in the Pliocene supports the interpretation of an emerging plateau [Johnson and Alam, 1991] . Uplift of the plateau led to a reorganization of the rivers. Sedimentary data suggest that the paleo-Brahmaputra flowed to the south of the plateau until the Miocene [Uddin and Lundberg, 1999] , and was deflected in the Pliocene, 300 km west and northward to its present course behind the plateau [Uddin and Lundberg, 1999] . Th, and 147 Sm by alpha ( 4 He nucleus) emission. The decay energy, up to $8 MeV, is taken up mostly in the form of a-recoil of the parent nucleus and energetic emission of the a particle [Farley et al., 1996] . Alpha particles are emitted with high kinetic energy and travel significant distances before coming to rest, leading to potential a loss from the grain during decay. Thus measured (U-Th)/He ages are reduced by this ejection effect; an ejection effect that is commonly and viably corrected for using a statistical approach taking into account mineral density and crystal geometry [Farley, 2002; Farley et al., 1996; Meesters and Dunai, 2002] . The 4 He is completely lost by thermally activated diffusion from apatite at temperatures above $80°C and quantitatively retained below $40°C (termed the He Partial Retention Zone, HePRZ) [e.g., Stockli et al., 2000; Wolf et al., 1998 ]. Assuming a mean annual surface temperature of 10 ± 5°C and a geothermal gradient of 25°C/km, the relevant temperature range is equivalent to depths of $1 to 3 km.
Apatite and Zircon (U-
[8] Several physical parameters have been shown to affect He diffusivity in apatite. He diffusivity appears to positively correlate with the physical dimensions of the apatite crystal, so grain size has a small effect on the closure temperature [Farley, 2002; Reiners and Farley, 2001] . More recently, Shuster and others [Shuster et al., 2006] have demonstrated the effect of a-recoil radiation damage on He retentivity in apatite and demonstrated that He retentivity TC6013 BISWAS ET AL.: UPLIFT OF THE SHILLONG PLATEAU correlates with total radiation damage. Increased He retentivity due to the accumulation of radiation damage demonstrably results in a significant increase in effective closure temperature (T ec ) over long radiation damage accumulation times. This relationship is readily observable in the correlation of (U-Th)/He ages with the effective uranium concentration eU (where eU = U + 0.235Th). The annealing kinetics of radiation damage in apatite is not yet fully understood, but Shuster and others [Shuster et al., 2006] suggest that heating to temperatures >150°C removes radiation damage. This effective increase in He retentivity, therefore, dramatically affects samples that reside at temperatures <150°C during protracted cooling or moderate reheating during burial (also this study). Radiogenic He concentrations can be used as proxy for radiation damage; however, He concentration only represents a minimum measure of radiation damage, since He can be partially or completely lost well below radiation damage annealing temperatures.
[9] In many minerals, such as zircon, the contribution of 4 He from 147 Sm is minor or negligible compared to that from U and Th, owing to low concentrations of Sm, the significantly lower decay constant, and the fact that Sm contributes only one a particle. However, apatite can contain considerable amounts of Sm that significantly affect measured (U-Th)/He ages. In this study, some of the analyzed apatites were characterized by unusually high Sm concentrations (Table 2) , lowering calculated (U-Th)/ He ages by as much as 9%. All reported ages in this study were calculated incorporating the 147 Sm contribution.
[10] More recently, other U-and Th-bearing minerals, such as titanite, zircon, and monazite have attracted interest as potential geo-and thermo-chronometers [e.g., Boyce et al., 2006; Farley and Stockli, 2002; Reiners, 2005; Reiners and Farley, 1999; Reiners et al., 2002 Reiners et al., , 2004 Stockli and Farley, 2004] . Each of these mineral phases is characterized by distinct He diffusion kinetics and closure temperatures. The most commonly used (U-Th)/He thermochronometer besides apatite, is zircon, which is characterized by a He closure temperature ranging from $180°-200°C [e.g., Reiners et al., 2004] and a HePRZ spanning a temperature range from $120°to 180°C [Stockli, 2005; Tagami et al., 2003] . So far, no quantitative measure of the He retentivity as a function of accumulated radiation damage exists, analogous to apatite [Shuster et al., 2006] ). However, it is well known that He diffusion in zircon is strongly affected at relatively high degrees of radiation damage, leading to a lowering in He retentivity [e.g., Reiners, 2005, and refer- Single grain laser apatite (U-Th-[Sm])/He age determinations were carried out at the University of Kansas laboratory using laboratory procedures as described by Stockli et al. [2000] and House et al. [2001] . Inclusion-free apatite grains were wrapped in acid-treated Pt foil and heated for 5 min at 1070°C and subsequently reheated to ensure complete degassing. After laser heating, apatites were spiked using an enriched 235 U
À230

Th
À149
Sm tracer and dissolved in HNO 3 . U, Th, and Sm concentrations were determined by isotope dilution ICP-MS analysis. Here eU is the effective uranium concentration (where eU = U + 0.235Th) [Shuster et al., 2006] . Ft factor refers to a-ejection correction factor [Farley et al., 1996] .
b Analyses were not taken in account when calculating the mean values.
TC6013 BISWAS ET AL.: UPLIFT OF THE SHILLONG PLATEAU ences therein]. The effects of radiation damage on He diffusivity have been shown to become important at radiation dosages >2 -4 Â 10 18 a/g levels at which signs of metamictization are readily observable [Nasdala et al., 2004; Reiners, 2005; Reiners et al., 2004] .
[11] (U-Th-[Sm])/He age determinations were carried out at the University of Kansas using laboratory procedures described by Stockli et al. [2000] and House et al. [2001] . All ages were calculated using standard a-ejection corrections using morphometric analyses [Farley, 2002; Farley et al., 1996] . Mean (U-Th-[Sm])/He ages were calculated on the basis of 2 -9 inclusion-free apatite and 3 -4 zircon replicate analyses. Reported age uncertainties (2-s) reflect the reproducibility of replicate analyses of laboratory standard samples . Estimated analytical uncertainties are $6% (2-s) for apatite and $8% (2-s) for zircon He ages, respectively.
Results
Apatite (U-Th-[Sm])/He Results
[12] Shillong apatite samples are very radiogenic (11 -150 ppm U and 47-461 ppm Th) and more importantly also vary significantly in Sm content (64 -1180 ppm). Unusually high Sm concentrations in some samples (e.g., GP13GN9 and GP15S11) result in significant contribution to He ingrowth and age. It is also noteworthy that parent nuclide concentrations not only vary from sample to sample, but exhibit surprisingly large variations from replicate to replicate analysis of individual samples. For example sample GP15/16 is characterized by a eU of 253 ± 111 ppm ($44% RSD).
[13] Samples from the northern portion of the Shillong plateau (Group 1) yield middle to late Cretaceous apatite (U-Th-[Sm])/He ages. All but one, are within error identical to the apatite fission track ages (Table 2 and Figure 2 ). Individual replicate analyses scatter considerably more about the mean than commonly observed in laboratory standard samples, with some replicate ages exceeding apatite fission track ages. Given the apparent ages and high parent nuclide concentrations of Group 1 apatite, the He retentivity should be significantly impacted by the accumulation of radiation damage. Group 1 apatite analyses show a remarkably clear trend of increasing (U-Th-[Sm])/He ages with increasing eU, suggesting the expected correlation of He retentivity with radiation damage (Figure 3 ). On the basis of the relationship between the He concentration and the effective closure temperature (T ec ) given by Shuster et al. [2006] , estimated T ec values range from $57°to 87°C. These values are minimum estimates due to potential loss of He at temperatures below the limit of radiation damage annealing. This observed age versus eU relationship indicates that burial by Tertiary sediments was limited. The similarity of apatite fission track and (U-Th-[Sm])/He ages, despite the protracted thermal history, suggests that increased He retentivity due to radiation damage results in effective He closure temperatures for high eU apatite that approach the closure temperature of the apatite fission track system.
[14] Apatite (U-Th-[Sm])/He ages of samples from top and the southern margin of the plateau, in the hanging wall of the Dauki fault (Group 2), are all Miocene in age (Table 2 ). These younger apatite (U-Th-[Sm])/He ages are within error equal or slightly younger than the corresponding apatite fission track ages (Figure 2) . In contrast to samples from the northern Shillong plateau, Group 1 apatite samples are characterized by substantially higher parent nuclide concentrations (up to 5 times higher eU). However, those samples show no significant age difference and no age correlation with eU, suggesting that accumulated radiation damage was completely annealed prior to Late Miocene exhumation (Figure 3 ). According to Shuster et al. [2006] , the critical temperature above which the effect of radiation damage becomes negligible is $90°C, based on their thermal model parameters. This appears to be in good agreement with our results given the lack of correlation between (U-Th-[Sm])/He ages and eU for samples with completely reset apatite fission track ages (T ! 110°C). Thus these results (Table 3) . While individual zircon samples are characterized by internally reproducible analyses (three to four replicates), different samples exhibit considerable age difference. This spread is likely attributable to long residence in the zircon HePRZ and very slow exhumation rates, possibly amplifying any kinetic or zonation effects on apparent ages [e.g., Hourigan et al., 2005; Reich et al., 2007] . In order to assess potential He loss due to high degrees of radiation damage (metamictization), we estimated total a-dosage values, assuming recoil damage accumulation since 400 Ma (maximum apparent zircon (UTh)/He age), using the equation of Nasdala et al. [2004] . Total a-dosages for all zircons range from $7 Â 10 15 to 9 Â 10 16 and do not exceed the critical value of $3.5 Â 10 18 a-events/g given by Nasdala et al. [2004] . This suggests that He loss related to radiation damage has likely played a negligible role. These zircon (U-Th)/He data imply that rocks exposed in the Shillong plateau have resided in an upper crustal position at least since early Paleozoic times (<8 km assuming a geothermal gradient of 25°C/km and nominal Tc).
Apatite Fission Track Thermochronology
Methodology
[16] Fission track thermochronology is based on the spontaneous fission decay of 238 U in uranium-bearing Inclusion-free zircons were wrapped in Pt foil, heated for 10 min at 1290°C, and reheated until >99% of the He was extracted from the crystal. All ages were calculated using standard a-ejection corrections using morphometric analyses [Farley, 2002; Farley et al., 1996] . Zircons were unwrapped from Pt foil and dissolved using HF-HNO3 and HCl pressure vessel digestion procedures. U and Th concentrations were determined by isotope dilution ICP-MS analysis. Here a-dose is the radiation dosage calculated for the present U and Th content and age. Ft factor refers to a-ejection correction factor [Farley et al., 1996] . , chi-square probability; n, number of individual track measured. Mean track lengths are not c-axis corrected. Trackkey software [Dunkl, 2002] was used for calculating the central fission track ages ±1s.
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, chi-square probability, Trackkey software [Dunkl, 2002] was used for calculating the central fission track ages ±1s. Samples were processed by Alexander Grist at Dalhousie University (Halifax, Canada) and analyzed by I. Coutand at the Université de Lille (France); standard magnetic and heavy liquid mineral separation procedures were used. Apatites were mounted in araldite epoxy. Sample surfaces were ground and polished. Apatite mounts were etched in 5M HNO3 at 24°C for 20 s. An ''external detector'' [Naeser, 1976] , consisting of low-U (<5 ppb) muscovite, was used for each sample. Samples were irradiated at the Dalhousie University Slowpoke reactor. Following irradiation, the muscovites were etched in 48% HF for 30 min at room temperature. Tracks were counted using a 100Â dry lens and 1250Â total magnification in crystals with well-etched, clearly visible tracks and sharp polishing scratches. A Kinetek stage and software [Dumitru, 1993] were used for analyses. Standard and induced track densities were determined on external detectors (geometry factor = 0.5), and spontaneous track densities were determined on internal mineral surfaces. Ages were calculated using z = 369.5 ± 5.1 for dosimeter glass CN5 for I. Coutand.
Cf-irradiated grain mount was made to increase the number of measurable track lengths.
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TC6013 BISWAS ET AL.: UPLIFT OF THE SHILLONG PLATEAU minerals, which creates a linear damage zone (a fission track) in the crystal lattice. For apatite, tracks begin to be retained at temperatures below $ 120°-150°C, depending on the cooling rate and the kinetic characteristics of the crystal [e.g., Green et al., 1985; Ketcham et al., 1999] . Determining the density of spontaneous fission tracks and the concentration of 238 U yields a single-grain fission track age [e.g., Naeser, 1976] . Fission tracks are unstable features that shorten (anneal) by thermal and time-dependent recrystallization processes. Over geological timescales, significant track shortening occurs in fluorine-rich apatite between 60°a nd 110°C [e.g., Donelick et al., 1999; Laslett and Galbraith, 1996; Laslett et al., 1987] ; this temperature range is called the partial annealing zone (PAZ) [Gleadow and Duddy, 1981; Green et al., 1986] . At sufficiently low temperatures, both old and new tracks are fully retained in the crystal, whereas at increasing temperatures within the PAZ, newly formed tracks are long and older tracks are progressively shortened. Therefore a track-length distribution is a measure of the time spent within and below the PAZ. Interpretation of a fission track data set in terms of a T-t path requires an integrated analysis of fission track age, confined tracklength distribution and kinetic characteristics of apatite grains (for overviews, see Donelick et al. [2005] , Ketcham [2005] , and Tagami and O'Sullivan [2005] ).
[17] Between 18 and 31 good quality grains per sample were selected and dated in this study. For track length analysis, all available horizontal confined tracks and the angle between each track and the crystal's c axis were measured in each sample. To characterize the annealing properties of the apatites , at least four Dpar measurements (when available) were averaged from each analyzed crystal. Both track length and Dpar measurements were calibrated against Durango values reported by Donelick et al. [1999] .
Analytical Results
[18] The five samples collected from the southernmost part of the Shillong plateau, west of the NE-SW-trending Badapani-Tyrsad shear zone, yielded apatite fission track (AFT) central ages between 8.6 ± 0.6 Ma and 12.8 ± 1.1 Ma ( Figures 2 and 4 and Table 4 ). Dpar values between 1.59 ± 0.02 mm and 1.79 ± 0.02 mm, and their low standard deviation ( 0.20 mm), indicate that these samples contain apatite crystals with similar annealing behaviors. All samples passed the c 2 test, meaning that the single-grain ages are consistent with a common age for each sample. Mean track-length values range between 12.54 and 13.89 mm with standard deviation between 1.77 and 2.90 mm (see Table 4 and Figure 4) .
[19] The four samples collected north of the Oldham fault (Figure 2 ), yielded much older and more scattered AFT ages, between 75 ± 2.7 and 101.1 ± 5.5 Ma ( Figure 4 and Table 4 ). Sample GP6GN3.1 did not pass the c 2 test indicating extra dispersion in the data, and will not be considered any further. Dpar values range from 1.85 ± 0.01 mm to 1.95 ± 0.02 mm suggest that these apatite crystals may be slightly more resistant to annealing than the previous set . Mean track-length values vary between 11.99 and 13.13 mm with standard deviation between 1.21 and 2.40 mm (see Table 4 and Figure 4 ).
[20] Mean track length values and associated standard deviations suggest that all samples (both those with late Cretaceous and late Tertiary apparent ages) have resided, to a greater or lesser extent, in the AFT partial annealing zone. Finally, sample GP9S6 collected on the eastern side of the Badapani-Tyrsad shear zone yielded a central age of 26.9 ± 1.7 Ma with the shortest mean track lengths of the data set and a bimodal distribution (Table 4) .
[21] Samples from the northern flank of the Shillong plateau yielded Middle to Late Cretaceous apatite (U-Th-[Sm])/He ages. In contrast, apatite (U-Th-[Sm])/He ages of samples from the southern part of the plateau are generally within error equal or slightly younger than the AFT ages. This pattern suggests rapid Middle to Late Miocene cooling from temperatures significantly higher than 70°C. In general there is a good correlation between AFT and (U-Th-[Sm])/ He ages, with the oldest samples being found in the north and the youngest in the south of the Shillong plateau (Figure 2 ). However, in detail (U-Th-[Sm])/He ages should be systematically younger than AFT ages. Such conflicting ages between the two systems have been reported in an increasing number of studies [e.g., Green et al., 2006; Hendriks and Redfield, 2005] . It has recently been suggested that such age discrepancies are likely due to variations of the He retention properties of apatite crystals, related to the degree of accumulated radiation damage in the crystal lattice [Green et al., 2006; Hendriks and Redfield, 2005] . Hence inconsistencies are likely more pronounced in samples of older FT ages and/or of significant U content. Quantitative description of how a damage changes closure temperature [Shuster et al., 2006] was applied and the effective closure temperature T ec was estimated for all the apatite samples. However, the HeFTy software could not produce viable thermal histories even when the corrected apatite He ages and T ec were used. For this reason, we mostly relied on apatite fission track data for reconstruction of the thermal histories of the studied samples.
Thermal Modeling
[22] In order to interpret our fission track data set in terms of T-t paths, thermal modeling combining c axis projected track lengths, single grain ages, and Dpars was performed using the HeFTy program [Ehlers et al., 2005; Ketcham, 2005] , which implements the annealing model of Ketcham et al. [1999] . Seven samples were found suitable for modeling, although for one of them (GP15S11), only 27 horizontal confined-track lengths were measured (Table 4) .
[23] Using the Monte Carlo random search, each model run had between 9800 and 112,000 iterations (until the target number of good fits has been achieved; see Table 5 ) with monotonic path segments and four half-segments evenly spaced between adjacent constraints. Heating and cooling rates were not constrained. For every model run, the program determined the best fit path as well as the good fit and the acceptable fit solutions [Ketcham, 2005; Ketcham et al., 2000] . On the basis of their age, track length distributions and locations, the samples were divided into two groups, old samples north of Oldham (Group 1), and younger ones south of it (Group 2) (Figures 4-6) .
Group 1
[24] Four constraints were used for this set of 3 samples (Table 5) : (1) (100°-160°C) between 110 and 120 Ma (this corresponds to the activity of the Kerguelen hot spot as documented by the early Cretaceous mafic volcanic and igneous rocks intruding the Proterozoic basement of the plateau and related to this plume event (Figure 2) ); (2) (10°-40°C) between 60 and 80 Ma (deposition of continental strata (Maastrichtian) unconformably on the plateau's pre-Cretaceous erosion surface); (3) (35°to 60°-80°C) between 3 and 35 Ma (reburial of the basement beneath Tertiary sediments); and (4) (10°-20°C) as present surface conditions.
[25] Samples GP6GN3.2 and GP6GN3.3 were cooled below their total annealing temperature (T A ) at 87 and 90 Ma, respectively (ages of the oldest tracks extracted from the best fit paths; Table 5 ), and were progressively cooled at rates between 4.8 and 5.4°C/Ma until the samples reached surface temperatures (15°C) in the late Cretaceous (Figures 5a and 5b) . Assuming a paleogeothermal gradient of 20°-30°C/km [Rao et al., 1976; Zahid and Uddin, 2005] , this early episode yields exhumation rates of 0.16-0.27 mm a
À1
. From the end of the Maastrichtian, bedrock starts to be progressively reburied by sedimentation from the surface to maximum temperatures of about 55°C for GP6GN3.2 and 70°C for GP6GN3.3 (good-fit solutions, Figures 5a and 5b) . Samples GP6GN3.2 and GP6GN3.3 underwent increases in temperature ranging from 40°to 55°C respectively, suggesting burial under an $1.3-to 2.75-km-thick sedimentary section. According to good-fit solutions, onset of the final exhumation is possible anytime between 3 and 25 Ma, but started most likely between 5 and 15 Ma (Figures 5a and 5b) , yielding late Tertiary exhumation rates between 0.09 and 0.55 mm a
. The crustal column thickness removed from above the bedrock samples ranges between 1.3 and 2.75 km and is mostly composed of Tertiary sediments. Sample GP6GN3 has an older apparent age of 98.6 ± 3.4 Ma, and yielded similar results to those described above, although with fewer good fits (see Figure 5c and Table 5 ).
Group 2
[26] Three time-temperature constraints were applied to this set of four samples (Table 5) [27] The oldest tracks extracted from the best fit paths were formed between 15.2 and 8.9 Ma, indicating that the samples started to cool from below their total annealing temperature (T A ) at that time. t-T paths indicate uniform Figure 5 . Representative HeFTy models for the Shillong plateau (Group 1) samples. The black boxes represent timetemperature constraints. To prevent strong forcing of t-T paths, initial sizes of the boxes were set very large and progressively reduced in order to optimize the search for good fits. Good fit solutions are represented by dark grey paths and acceptable fit solutions by pale grey paths. The thick black line is the best fit t-T path. OT is the oldest track formed at T A , the total annealing temperature. -6d and one-star models in Table 5 ). Assuming a geothermal gradient of 20°-30°C/km and uniform cooling up to the surface, this yields exhumation rates between 0.23 and 0.62 mm a À1 (Table 5) . Inferred minimum crustal column thickness removed from above the bedrock samples is 3.3-5.6 km and the bulk of the eroded section is composed of Tertiary sediments.
[28] Finally, in order to examine whether these bedrock samples may have undergone nonuniform cooling, and in particular, may have been exposed at the surface earlier than the present, a set of models was performed involving an additional t-T constraint at 10°-25°C between 1 and 10 Ma (Figures 6e -6h ; two-stars models in Table 5 ). By forcing the samples toward the surface earlier than the present, we obtained good fits for all four samples and it appears that they may have reached the surface as early as, or anytime after 3.5-5.5 Ma (Figures 6e -6h ).
Discussion
[29] The Indian Summer Monsoon (ISM) plays an essential role in the erosion along the southern flank of the Himalaya [Bookhagen et al., 2005] . The onset of ISM is believed to have taken place by 12-10.7 Ma [Dettman et al., 2003 . In eastern Bhutan, the ISM precipitation is influenced by the Shillong Plateau, the only elevated terrain outboard of the entire Himalayan orogen. The E-W oriented Shillong plateau forms an $1600-m-high orographic barrier to the prevailing winds transporting moisture from the Bay of Bengal toward the Himalayan front [Bookhagen et al., 2005] . Consequently, the foothills of eastern Bhutan in the lee receive about half the precipitation as Himalayan foothills outside the rain shadow. The recent precipitation pattern [Bookhagen et al., 2005; Grujic et al., 2006] was likely developed when the plateau had attained sufficient elevation to cause the orographic effect. It was suggested that the Shillong plateau was submerged under the sea until the Mio-Pliocene transition (6 -4 Ma ago), and that it has emerged during the Pliocene [Johnson and Alam, 1991; Uddin and Lundberg, 2004] . Therefore the reorganization of the precipitation distribution in Bhutan due to uplift of the Shillong plateau occurred after the ISM was enduringly established along the Himalaya. Accordingly, it is reasonable to assume that, until the end of the Miocene, the eastern Bhutan, currently located in the lee of the Shillong plateau, received much higher rainfall than today. As a consequence the eastern and western Bhutan Himalayas show contrasting erosions histories, surface landscapes, and structures in the Earth's crust. It is suggested [Grujic et al., 2006] that the spatiotemporal variations of the landscape and the tectonic structures in the eastern Himalaya are a response to climatedriven changes in erosion rates. To test and quantify these hypotheses it is imperative to determine: (1) the onset of the exhumation of the Shillong plateau; (2) the amount of N-S shortening taken up by the plateau-bounding faults, i.e., degree of partitioning of India-Asia convergence between the Shillong plateau and the Bhutan Himalaya; and (3) timing and rate of its surface uplift, i.e., to determine when the orographic barrier was created.
Thermal Histories and Exhumation
[30] The AFT data are clearly an expression of the underlying thermal histories. Importantly, the bedrock samples from Group 2 were collected at the top of a low-relief, flat paleosurface cut into the basement rocks (Figures 1, 2,  and 7a ). This paleosurface was probably formed at the end of the Paleozoic as indicated by zircon (U-Th)/He ages, or at least before the Late Cretaceous. In fact, Late CretaceousPaleogene sediments were deposited directly and unconformably on this surface [see Evans, 1964, Figure 1b] that projects parallel to the top of the southern plateau (Figure 7b ). Farther north, this surface is slightly tilted toward the north (Figure 1) , with mean elevations of about 1600 m being observed in its southern part (Figure 7a ). The evenness of this basement/sediment interface (Figure 1 ) and the presence of remnants of Paleogene sediments at the top of the plateau (Figure 2 ) indicate that this surface has not been eroded much, if at all. Basement erosion seems to be focused on the steep southern flanks of the plateau with the jagged southern margin of the plateau representing the northward propagating erosional front.
[31] All the rocks in the study area were likely exposed at the surface in the late Cretaceous. The main difference between the two groups of samples is that in the early Tertiary, the bedrock samples from Group 1 were reburied under a minor sedimentary cover thin enough to preserve their pre-Tertiary He and AFT thermal histories; while the samples from Group 2 were exposed at the surface and then buried and reheated to a level sufficient to reset the AFT clock, removing any earlier thermal history information. Importantly, the timing of the onset of exhumation, the thickness of denuded sections and the exhumation rates are derived from thermal modeling of AFT data. The AFT data only constrain a portion of the total cooling history, which might have started earlier and at a greater depth. Consequently, in case of totally reset samples, sedimentary thicknesses and exhumation rates are minimum estimates. However, the preservation of Paleozoic zircon (U-Th)/He ages on the paleosurface indicates that Tertiary burial depth could not exceed 5.1-8.75 km assuming a zircon (U-Th)/ He thermochronometer closure temperature of 170°-190°C and a paleogeothermal gradient of 20°-30°C/km in the Tertiary sediments [Rao et al., 1976; Zahid and Uddin, 2005] .
[32] South of the Oldham fault, the sedimentary column under which the paleosurface was initially buried is calculated to be at least 3.3 -5.6 km thick (Table 5 and Figure 7) . Provided final exhumation started between 15.2 to 8.9 Ma ago, this yields minimum long-term exhumation rates of Figure 6 . Representative HeFTy models for the Shillong plateau (Group 2) samples; same legend as for Figure 5 . The stars indicate the different third constraint used in the models (one star is the first set and two stars is the second set) (see Table 5 ). Table 5 ). Within error, this value is similar to the average denudation rate along the northern slope of the Shillong plateau estimated from sediment yields at 1.0 ± 0.5 mm a À1 [Garzanti et al., 2004] .
[33] North of the Oldham fault, the thickness of the sedimentary column removed from above the bedrock samples is between 1.15 and 2.75 km (Figure 7) . The late Tertiary exhumation episode started between 5 and 15 Ma, Figure 7 TC6013 BISWAS ET AL.: UPLIFT OF THE SHILLONG PLATEAU yielding long-term exhumation rates between 0.09 and 0.55 mm a À1 (see Table 5 ).
Vertical Displacements Along the Oldham and Dauki Faults
Dauki Fault
[34] The continuous subsidence of the southern block of the Dauki fault has resulted in the Sylhet trough, with at least 18 km of sediments deposited since the Cretaceous [Alam et al., 2003; Johnson and Alam, 1991] (Figure 1) . The structural relief between the highest part of the Shillong plateau (mean elevation of 1600 m) and the basement in the deepest part of the Sylhet trough is estimated to be around 15 -19 km [Hiller and Elahi, 1984; Shamsuddin and Abdullah, 1997] . However, the sedimentary thickness against the Dauki fault is ''only'' $10 km [Shamsuddin and Abdullah, 1997] (Figure 1 ). Therefore the fault may have a long history of activity, acting since Late Cretaceous as a south-dipping normal fault in the developing continental margin of SE India, and accommodating more sediment thickness in the hanging wall to the south than in the footwall in the north (Figure 7d) . Conversely, the isopach map (Figure 1) indicates that the basement flooring the Sylhet trough is gently inclined southward ($5°), which is identical to the dip of the basement-Cretaceous strata interface on the southern margin of the Shillong plateau (Figure 7b ). Therefore the here estimated difference in thickness of Tertiary sediments between the top of the Shillong plateau and the northern margin of the Sylhet trough (maximum $6-8 km versus $10 km) may be explained by the gently south-dipping basement and thus northward tapering of the Tertiary sedimentary cover. The reverse south-verging Dauki fault might thus have formed at the onset of the exhumation, which is mechanically easier than reactivating an initial south-dipping normal fault. In summary, the total vertical displacement of the basement top along the Dauki fault is $10 km (assuming no initial normal fault displacement) yielding a mean vertical displacement rate of 0.66 -1.11 mm a À1 if it has been active as a reverse fault since the onset of the late Tertiary exhumation as recorded by AFT analysis, i.e., 8.9 to 15.2 Ma ago.
[35] To better constrain the vertical displacement rate along the Dauki fault during the late Tertiary, the subsidence of the footwall, i.e., the Sylhet trough [Uddin and Lundberg, 2004; Worm et al., 1998 ], should also be taken into account. The youngest marine sediments recognized on the southern foothills of the Shillong plateau, the Early Pliocene Boka Bil formation of the Surma group, are also observed in a drill hole in northern Bangladesh, south of the Dauki fault (Figure 2 ). The base of this unit is at a depth of À1081 m, and the top at À626 m [Uddin and Lundberg, 2004] . The age of the Boka Bil formation was determined by magnetostratigraphy and is bracketed between 4.4 and 3.4 Ma [Worm et al., 1998 ], which gives a subsidence rate of 0.45 mm/a during its deposition in this area.
[36] To constrain the late Tertiary vertical displacement rate of the block located north of the Dauki fault (Shillong plateau) we use AFT modeling results, which suggest that the minimum sedimentary thickness removed from the top of the Shillong plateau during the Late Miocene-Pliocene was between 3.3 and 5.6 km. Given that the basement was not eroded during this exhumation episode and that the pre-15 Ma Tertiary sediments were all marine, the sedimentary thickness corresponds to the basement depth beneath the sea level when exhumation started $15 Ma ago. Note that the depth to the basement could not exceed $ 8 km, because otherwise it would have been deeper than in the Sylhet trough (Figure 7b) , and the Paleozoic zircon He ages would have been reset. The uplift of the basement surface to the modern plateau's mean elevation (1.6 km) since 8.9 -15.2 Ma is therefore at least $ 4.9 -7.2 km (but less than $9.6 km). Hence the rock uplift rate in the hanging wall of the Dauki fault ranges between 0.32 and 0.80 mm a 0 . The thickness of the sediments in the Sylhet trough is based on work by Shamsuddin and Abdullah [1997] . Position and attitude of the Dauki and Oldham faults are after Bilham and England [2001] . The position of the Moho (white boxes) is based on data from Mitra et al. [2005] . Original interpretation is given by grey dashed line, and suggested interpretation is given by heavy grey line. Dip to the north of 3°-4°both of the Moho and of the top of the basement is consistent with the estimates of the position of the Moho without the necessity for a northern step related to the Oldham or Brahmaputra [Rajendran et al., 2004] faults. This geometry is also consistent with the northward thickening of Tertiary-Quaternary sediments to $5 km in the Brahmaputra Basin [Rath et al., 1997; Singh et al., 1998; USGS-Bangladesh Gas Assessment Team, 2001] 
Oldham Fault
[37] In terms of thicknesses of Tertiary depocenters, the regions located north and south of the Oldham fault are fundamentally different with respectively 1.25 -2.75 km and 3.3-5.6 km of Tertiary sediments formerly overlying the basement as documented by AFT data (Figure 7b ). Hence we suggest that the Oldham Fault is a major paleogeographic boundary. In particular, during the Late Cretaceous it has likely acted as a south-dipping normal fault developed during the breakup of India and Antarctica and as a part of the then newly formed continental margin of India (Figure 7c ). The footwall of the normal fault was rapidly exhumed at that time, as shown by apatite FT and (U-Th-[Sm])/He Late Cretaceous ages. This normal fault was reactivated as a north-directed reverse fault in the context of the India-Eurasia collision.
[38] AFT modeling results suggest that in the footwall of the Oldham Fault, thickness of marine sediments removed from the top of the basement during the late MiocenePliocene exhumation is between 1.15 and 2.75 km. Assuming that the incision of the basement is not higher than the modern relief, then the mean elevation of this area (600 m above sea level), can be approximated to the location of the Precambrian basement/Tertiary sediments interface (Figure 7a) . Therefore, at the onset of the final exhumation 5 to 15 Ma ago, this interface was located at least at $1.75 -3.35 km beneath the sea level. These observations yield a rock uplift rate of 0.12-0.67 mm a À1 in the footwall of the Oldham fault. Considering the rock uplift rate calculated in the hanging wall of this fault (0.32 -0.80 mm a À1 ), and the fact that it is a reverse fault, the mean vertical displacement rate on the Oldham fault averaged over the last 5 -15 Ma is 0-0.68 mm a À1 .
Partitioning of the India-Asia Convergence Into the Shillong Plateau
[39] The degree of strain partitioning is relevant to issues regarding the seismic hazard potential of the Shillong plateau and the interval between major earthquakes in the Bhutan Himalaya [Bilham and England, 2001] . Furthermore, over extended geological periods of time ($10 7 a) significant partitioning of the India-Eurasia convergence across the Shillong plateau would have major tectonic implications for the Bhutan Himalaya to the north, by reducing the shortening rate and hence the rock uplift rate across this eastern segment of the orogen. In particular, the recently documented difference in exhumation rates between western and eastern Bhutan could be the consequence of a differential horizontal shortening caused by Neogene displacements on Dauki and Oldham faults rather than a climatic modulation of erosion as proposed by Grujic et al. [2006] .
[40] On the basis of published geological information, Bilham and England [2001] estimated the vertical displacement rate (i.e., tectonic uplift) of the Shillong plateau to 2.5 ± 1 mm a
À1
, and the cumulative horizontal shortening rate to 4 ± 2 mm a À1 assuming a fault dip of 50°and equal finite displacement along the two bounding faults. This would suggest that, at the higher end of slip rates estimated by Bilham and England [2001] , the faults bounding the Shillong plateau could absorb up to one third of the inferred Himalayan contraction rate of 15-20 mm/a [Zhang et al., 2004] . This absorption of contraction within the Shillong plateau leaves less of the convergence rate to be taken up within the Bhutan Himalaya. GPS measurements from 1997-1999 indicated that the active convergence between the central Shillong plateau and the points in central and southern India is 6.3 ± 3.8 mm a À1 [Paul et al., 2001] , in agreement with the above statements. However, more recent GPS measurements of more stations and over a longer period indicate that in the Indian reference frame, the motion of Shillong is ''negligible'' [Jade, 2004] .
[41] The long-term vertical displacement rates on the Oldham and Dauki faults determined in this study are 0-0.68 mm a À1 and 0.77 -1.25 mm a À1 respectively. Assuming a dip of 40°-50°for both faults (expounded by Bilham and England [2001] ), the mean shortening rate accommodated by the Oldham Fault ranges between 0 -0.8 mm a
and by the Dauki Fault between 0.65 and 1.5 mm a
. Consequently, the mean cumulative shortening rate across the Shillong plateau since the Late Miocene is between 0.65 and 2.3 mm a
. The upper value corresponds to the lower end of the cumulative horizontal shortening rate proposed by Bilham and England [2001] and is less than 10 -15% of the Himalayan contraction rate.
[42] Our results clearly document that the long-term horizontal shortening accommodated by the Shillong plateau is minor and consequently that in the Bhutan Himalaya there was no significant change in horizontal shortening and in rock uplift rate caused by the Shillong plateau development since the onset of its exhumation 9 -15 Ma ago. Therefore the gradient in erosion rates observed across Bhutan is primarily attributed to a climatic modulation as previously suggested by Grujic et al. [2006] .
Surface Uplift of the Shillong Plateau
[43] Surface uplift of the Shillong plateau either might have occurred at uniform rate since about 15 Ma or more likely might have been chronologically decoupled from the exhumation of the basement of the plateau. In the first case, surface uplift rate is uniform and corresponds to the mean exhumation rate (0.23 -0.62 mm a À1 ) subtracted from the mean rock uplift rate (0.32 -0.80 mm a
À1
) [England and Molnar, 1990] during the last 15 Ma yielding a long-term surface uplift rate of 0 -0.57 mm a À1 . In the second case, the contrast in rock erodibility between the Tertiary marine sediments overlying the well-preserved and exposed flat pre-Cretaceous paleosurface, carved into resistant Precambrian bedrock, induced a temporal decoupling between exhumation and surface uplift of the Shillong plateau. Initially, the sediments were removed owing to their high erodibility causing fast bedrock cooling and slow surface uplift. Once the more resistant bedrock was exposed, erosion may have drastically slowed, resulting in the conversion of rock uplift into surface uplift (± isostatic compensation). Such processes have been previously documented elsewhere [e.g., Sobel and Strecker, 2003 ]. The question is, when and at which elevation did this transition occur? The answer to this question would be simplified if the surface exposure of the basement/sediment interface could be dated, and if it were possible to determine its position with respect to the sea level at that time. Unfortunately, we do not have these information, however the climatically induced change in erosion rate ''sometimes after 5.9 Ma'' along the Himalayan front in Eastern Bhutan documented by Grujic et al. [2006] can serve as a temporal guide. In our AFT data modeling, we tested the hypothesis of decoupled exhumation/surface uplift by adding a t-T constraint forcing the bedrock samples toward the surface earlier than the present (see end of section 5.2 and Figures 6e -6h) . Results suggest that the four samples may have reached the surface anytime between 5.5 and 3.5 Ma (good fits) (Figures 6e -6h and Table 5 ). Furthermore, the sedimentation on the southern foothills of the Shillong plateau was marine until 3 -4 Ma, thus it is unlikely that significant topography started to be built before then. The maximum mean modern elevation of the plateau is $ 1.6 km (Figure 7a) . If the emersion of the plateau coincides with the exposure of its Precambrian basement, then the maximum mean surface uplift rate of the plateau is between 0.4-0.53 mm a À1 during the last 3 -4 Ma. If this hypothesis is correct, then the entire sedimentary column was removed by erosion between 8.9-14.7 and 3.5-5.5 Ma at rates of 0.32-1.44 mm a À1 (see Figures 6e -6h and Table 5 ). A better knowledge of the age and distribution of the youngest marine sediments deposited on the plateau is still needed to evaluate more accurately the surface uplift rate of the Shillong plateau.
Causes of the Development of the Shillong Plateau
[44] The Shillong plateau was built as a result of contractional deformation due to the Indo-Eurasia collision. However, its exhumation (and hence reverse displacements on its bounding faults) as recorded by our low-temperature thermochronometers, initiated only 9 -15 Ma ago. According to the zircon (U-Th)/He nonreset Paleozoic ages, and assuming the exhumation rates documented by AFT data in the southern part of the Shillong plateau were steady, the onset of exhumation driven by the Dauki Fault cannot be older than 25 to 35 Ma (uniform exhumation) and 20 -30 Ma (nonuniform exhumation) (for a closure temperature of 180°C, a surface temperature of 15°C and a geothermal gradient of 20°-30°C/km). Nevertheless, the thermal modeling of AFT data from the northern portion of the Plateau (Group 1) of partially reset samples, indicates that the onset of exhumation, driven primarily by displacements on the Dauki fault, did not start before 5 -15 Ma. Only the identification and dating of unconformities and provenance analyses in the sedimentary filling of the Sylhet trough would tightly bracket the onset of the exhumation of the Shillong plateau.
[45] Why did the preexisting normal faults associated with this passive margin invert so late? The causes for the plateau formation are uncertain, but the two most likely possibilities are as follows.
[46] 1. The plateau spatially coincides with a culmination of a gentle bulge in the crust that extends along the foreland basin in the NE India [Rath et al., 1997; Singh et al., 1998 ]. The Himalayan orogen to the north is associated with a major peripheral foreland basin filled with Neogene to Quaternary sediments [Najman, 2006] . To the south of it is a flexural bulge in the Indian crust, discernable topographically only in the central 30°of the Himalayan arc, while the evidence for it is absent at the longitude of Bangladesh [Bilham et al., 2003] . The wavelength, amplitude and distance to the Himalayan frontal thrust of the flexural bulge [Bilham et al., 2003 ] and the NE Indian bulge are, however, significantly different. Thus a genetic link to the flexural bulge in the foreland of the Himalaya cannot be ascertained.
[47] 2. The encroachment of the Indo-Burman (or Arakan) ranges onto the Bengal basin throughout the Neogene [Copley and McKenzie, 2007; Uddin and Lundberg, 2004; Socquet et al., 2006] may also have influenced the change in tectonics of the Shillong plateau and its bounding faults.
Conclusions
[48] 1. The Indian basement exposed in the Shillong plateau was located at the continental margin of India formed during the break up with Australia and Antarctica. The major faults now bounding the plateau may have acted as normal faults accommodating south to southeastward thinning of the continental crust and controlling sedimentation dynamics in the area. The Shillong plateau subsided more slowly than the Sylhet trough during Cretaceous to Miocene times. As a result, the sedimentary thickness on the top of the plateau probably did not significantly exceed 6000 m while to the north of the Oldham fault it was less than $ 2750 m. This abrupt northward change in thickness of Tertiary sediments is consistent with progressive attenuation of the crust toward the south (Figure 7b ).
[49] 2. Basement exposed at the top and part of the north slope of the Shillong plateau is an ancient erosion surface on which late Cretaceous to Tertiary sediments were deposited. Since the removal of the sediments, the erosion of the basement was minimal. The exhumation of the basement started at least by $9 -15 Ma as indicated by both apatite (U-Th-[Sm])/He and AFT data, and the consistent thermal histories extracted from all localities. Because our lowtemperature thermochronometers record only the latest portion of the total cooling history, the exhumation could have started earlier.
[50] 3. Taking into account the calculated exhumation rates, thickness of the Tertiary sedimentary cover and onset of its removal, we estimate the rate of vertical displacement along the Dauki fault to 0.77 -1.25 mm a
À1
, and along the Oldham fault to 0 -0.68 mm a À1 . Faster displacement along Dauki than along the Oldham fault has, at least partially, caused 2°-3°northward tilting of the surface of the plateau. This tendency may have been intensified by a larger-scale northward tilting of the Indian crust as a result of its flexure due to tectonic loading induced by crustal thickening of the Himalayan orogen in the north.
[51] 4. Surface uplift of the Shillong plateau might have occurred either at uniform rate of 0 -0.57 mm a À1 during the last 9 -15 Ma or, more likely, accelerated sometime after the Late Cretaceous-Tertiary sedimentary cover was partially or entirely removed and the Precambrian basement emerged from the sea. This event occurred 3 -4 Ma ago at the latest, once the youngest and last marine sediments documented along the southern foothills of the plateau were deposited, and yields surface uplift rates of 0.4-0.53 mm a À1 during this time span.
[52] 5. Using the same attitude of the faults as suggested by Bilham and England [2001] , we estimate the mean cumulative horizontal shortening rate to 0.65 -2.3 mm a
. These values are significantly lower than the published values and represent only 10 -15% of the Himalayan contraction rate. These results indicate that strain partitioning between the Himalaya and the Shillong plateau is minor and hence that no significant change in shortening and rock uplift rate has occurred in the Bhutan Himalaya since the onset of the exhumation of the Shillong plateau 9 -15 Ma ago.
[53] 6. The amount of strain partitioning between India, the Shillong plateau and the Bhutan Himalaya, indicates that the tectonic development of the Shillong plateau did not influence the rock uplift rate in the Bhutan Himalaya. These findings strongly support interpretations previously proposed by Grujic et al. [2006] that the change in tectonic, erosion and landscape evolution in the Bhutan Himalaya that occurred sometime after 5.9 Ma was triggered by a local climate change caused by the construction of the Shillong plateau orographic barrier.
